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ABSTRACT

Thig study prevides guidance on the basic applicability and rels-
tive worth of rocf washdown as a fallout radiation countermeasure. The
basi< purpose of roof washdown is to reduce the radiation dose to occu-
pants of a building by preventing or reducing the sccumulation ofi fall~-
out on the roof. However, the roof washdown system does not affect ti:
penctration of the roof hy radiation from other sources.

it was found that under some circumstances a rcof washdown system
is & useful weans for increasing the protection of building interiors
and That, in gewneral, the cost of a washdown system for large rcof area
structures with smooth sloped roofs will be less than the cost of pro-
viding an eguivalent amount of shielding. However, slied shielding
provides 100 percsunt relisbility whereas roof washdown systems may not
be as reliablie.
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INTRODUCTION

Background

Water washdown was originally proposed as a method of preventing
the buildup of seawater fallout on ships' weatheyr surfaces. Performance
tests with actual fallout demonstrated that washdown was feasible and
capable of significantly reducing residual contamination levels.' The
ship washdown system (an older name for it was 'water curtain’) consisted
of an automatic sprinkling system, which could be activated upon warning,
and could operate indefinitely, using seawater from the ship's continu-
ously replenished supply. The constant streams of water functioned as
both a barrier and decontaminant. The water formed a fluid film over the
ship's =urfaces to dissolvc the depositing seawater fallout and prevented
most of the dissolved radionuclides from coming in contact with the ship's
weather surfaces or, if the seawater fallout did contact the surfaces,
the water was intended to dissolve the residue and carry it over the side
into the ocean. Since the washdown was initiated before or during fall-
out, two separate benefits were obtained:

1. A reduced exposure dose to ship personnel during the fallout
period

2. A decontaminated ship after fallout cessation

It was a natural suggestion that an automatic wasi.down system might
be applied, with similar benefite, to the roof of a building for the re-
moval of solid fallout particles formed by land surface detonaticns.

There are, howesver, a number of important differences between the ship
and the shore applications. Buildings (1) do not possess mobility,

(?) generally are not surrounded by ar infinite supply of water, (3) are
not equipped with large water-pumping capalilities, and (4) generally are
not surrounded by an infinitely deep activity sink. Fainally, the mecha-
nism of removal of solid particles is quite different from the mechanism
of removal of the soluble seawater fallout that is produced by detonations
near the surface of the ocean. Although the effectiveness of a roof wash-
down system has not been tested with real tallout from land detonations

or any other type of nuclear dotonation, there are & few buildings in the
country that are equipped ~ith washdown systoms.r

The present study is an attempt to provide guidance on the basic ap-
plicability and relative worth of roof washdown as a fallout radiation
countermeasure. This type of study 1Is not new. % An unpublished USNRDL
report by S. Salkin' contained a similar study. The topilc was also dis-
cussed in a short note by P, D, LaRiviere and H. Lee' (alsv unpublished).
This presentation 18 an extension of these studies.
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Objectives
The objectives of this study are:
1. To determine the feasibility of incorporatir a roof washdown

system in some structures in lieu of adding shielding materials

to the roof for the purpose of converting these structures to
radiological shelters.

To compare the performance and characteristics of applied shield-
ing with those of roof washdown.

To apply a cost analysis as a basis for the selection c¢f options,

o
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WASHDOWN EFFECTIVENESS

Dose Rates and Dose¢ Considerations

The basic purposc of roof washdown is to reduce the radiation dose
to occupants of a building by preventing or reducing the accumulation
of fallout on the roof. However, the roof washdown system does not af-
fect the penetration of the roof by radiation from other sources. Thus,
in addition to the dose rate from the roof fallout deposit, twu other
dose rate contributors to the total dose rate received by building occu-
pants through the roof must be considered, and alsco the different con-
tributions must be considered over two time periods: (1) the time during
fallout and (2) the time after fallout cessation.

1. Dose rate during fallout

a. Roof deposit dose rate. The source of this radiation is 1
the fallout particles that are actually deposited on the :
roof; its magnitude depends on the roof retention rate
(with or without a washdown system) and the amount of tall- 1
out deposited to a given time,.

b. Transit qose rate. The source of this radiatiop 1s the
air borne fallout particles in the air near the vuilding
at any time befere fulloat sessation. The magnitude of
this radtation 1% not infldenced by washdown.

¢. Adayacent surfuace dosc rate.  The source of this air-
scattered radiatson 18 the fallout that has been deposited
(at a ygiven time) on surr anding roofs or groynd areas.
The magnitude of this radiation 1s not anfluenced by wash-

downs (unless the svstem 15 also used on these aveas).

[

Atter fallout cessation

v this period, the tallout particles have all been depooited:
hence the transi? dose rate i1s zereo. The components of the

b S

dosce rate recewved througa the root are:

d.  Root deposit dose rate. The source of this radiation s

he fallout particles remainiiy on the 1oef Its nmagnitude
depends on the density ol the rematnang deposit, and f{ime

after deposit (varitation oo to weathering and zfecay ).

B, Adiacent surtace dose rate. The svurce o thos radration
1s the fallout deposited on surrcundiny surfaces (other
roofs and the ground).

J
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1f a washdown system remov~s a given fraction of the depcsiting
{allout, independen:t of the time after start of fallout, the effective-
negs of roof wgshdown can be apnproximasted by calculations using the
fracti~m remaining after fallout cessation,

Dose Racte from Roof Hesidual Fallout

As an example, Figure 1 is 2z fallout depcesition curve in grams per
ftzper time unic as a fnction of time after detonation.” Beceuse no
data on washdown wash~off rates asre available, a wash-off rate of 50
percent of the accumulated fallout mass per 0.1 hour was assumed. It
was glso assumed that 10 percent of the acainulated fallout mass was not
removable~-~i.e., there would be a 10 percent residual.®® These rcla-

tionships are expressed as:

m o= m1 + My (L

]

dml dm
e = 31 e ‘:2)

dt dt
ém dm’ 0,5 .
z = 0,9 - m2 (¢)

dt dt g.1

Applying these assumptions to Figure 1, Figure 2 was derived in which
comparisons are made of the relative fallout mass accumiiation curves
for no washdown and washdown. The third giep was to apply a radioactive
decay function, and the result is Fi, ure [, which shovs the relative
dose rates with and without washdown for the fallout period. Inte-
gration of the two curveg with time gav: a dose ratio of approximately

5 to 1 for fallout depos . ted on the roof c¢nly. Taat is, the dose to a
common reference point from roof fallout wi hout washdown was 5 times
the dose Irom roof fallout with washdown,

Transit Dose Rate

The airborne transit dose to an unprotect~d location has been vari-
ously estimated--from negligible to as high as 20 percent of the deposit
dose auring the deposgition period.10 The portion transmitted through
the roof of a strrcture as opposed tc the portion transmitted through
the walls is a function of the structure shape and the relative shield-

ing afforded by the roof and walls.

Dege Rate from djacent Surfaces

As for the air-scattiered radiatio.u, which comes from the cntaminated

[+
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EXAMPLE FALLOUT DEPOSITION RATE
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FALLOUT ACCUMULATION
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Figure 3
RELATIVE DOSE RATES FROM ACCUMULATED FALLOUT
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ground or other roofs, its transmission through the given rcof is a
function of structural shape, size, and root shielding.ll The procedure
given in Reference 11 was used to estimate the dose rate transmitted
into the building from deposited radioactive fslliout sources. The ratio
of the ground-source radiation that penetrates the roocf via air-
scattering and the ground-source radistion that penetrates the building
wall is the same during and after fallout cessation, neglecting the
effects that a changing gamma spectrum might produce.

Accumulated Doses in Terms of Contributing Components

After calculating dose rates, the accumulated expcsure dose is
determined. In order to estimate exposure doses, certain conditions of
the building with respect to occupancy must be known; these includ. the
stay period in the building, the amount of shielding afforded by the
building, the height uf the roof from the ground, and the size (area) of
the roof., For the fallout deposition and residual buildup rates shown
in Figure 3, the following conditions were assumed:

Exposure location - 3 ft abave floor center
Stay period - 1 week after fallout cessaticn
Shielding - None (worst case)

Building (roof) height - two values, 10 feet and 20 feet so asg to
show a range of heights

Roof size - A range from 1,000 sq ft to 100,000 sq ft
¥ashdown - One situation using washdown, and another not using it

Under these conditions, the dose components to the occupants of a
building are calculated as a percent of the total no-washdown douse,
Figure 4 18 for a roof height of 10 feet. and Figure § for & roof height
of 20 feet. A3 can be seen, the roof re.idual dose with washdown is
approx<imately one-tenth o€ the rool residual dose without washdown. Also,
the exposure dcse to ocaupants from air-scatte.. radiation through the
roof is significant for small structures when compared to the roof re-
~idual dose with washdown, and the transit dose 1s negligible.

The dose received through the walles to a center location in =
building from adjacent ground socurces is seen to decrease with buildirg
aroa size in Figures 4 and 5. This dose or rose rate component would he
further decreased considerably for below grade locations, and for upper

e




Figure 4

ONE WEEK DO5E COMPONENTS FOR 10FT. TALL
STRUCTURES WitH N SHIELDING ASSUMED
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Figure 5

ONE WCEK DOSE COMPONENTS FOR 20FT, TALL
STRUCTURES WITH NO SHIELDING ASSUMED
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story locations, As the dose rate component through the building walls
decreases, roofl protection becomes increasingly importent. This can be
demonstrated by using a single structural configuration and calculating
the roof contribution to the total dose rate within the structure as a
function of w.ll thickness., The very thick walls (heavy mass-thickness)
would be representative of a location on the second floor of a two story
structure with moderately thichk 1ls, and the thickest walls would be
representative of a basement location in a structure with a thin roof
and floors. Figure 6 gives the roof contribution to total dose per-
centage in a 20 foot tall, 1,000 ft2 structure, for three roof mass-
thicknesses and for various wall mass-thicknesses. As can be seen, the
relative roof contribution increases with wall thickness and decreases
with roof thickness. The larger the relative roof contribution, the
greater the relative effectiveness of the roof washdown system, Thus,
it a 10 percent residual washdown system were used upon a structure
where the relative roo! contribution was 0,90, the dose reduction due to
the washdown system would be a factor of 5.3, If, on the other hand,
the roof contributicon were 0,10, the 10 percent r~sidual washdown system
would reduce the exposure dose by only a factcr of 1.1,

The equation for the protection factors (PF) of structures without
a roof washdown system 1is

PF:I/ F F |A+vp+E] +F F B (1)
KG RT WG WT

and the cquation for the PF of structures with a 10 percent residual
roof washdown system is

-

pF-_l/ ¥ F lespse| +F F o (5)
I RG KT | WG WT

where (see Figures 4 and 5)

A is the roof residual dose without washdown
B is the total dose through the wells
C is the roof residusl dnse with washdown

n 18 the air-scattered roof-dose from ground sources

E is the transgit radiation dose

11




Figure 6

ROOF CONTRIBUTION PERCENTAGE ( 20FT. TALL,
1O0OFT? STRUCTURE)
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and where (see Figures 7, 8 and 9)

FRG is the roof geometry reduction f -~tor
FWG is the wall geometry reduction factor
FRT is the roof thickness reduction factor
FWT is tue wall thickness reduction factor (To show the variation

of FwT with shape, a range of values was included--i.e., 10

and 20 foot walls.)

Figure 10 gives the PFs as a function of roof size for a structure
with a 10 foot roof height, with various wall and roof shielding mass
thickness combinations, and with or without washdown (calculated by the
procedures of Refere-~o 11), Figure 11 shows the calculated PFs as a
function of roof ,ize for a structure with a 20 foot roof height and for
the same combinations as in Figure 10, As can be seen from the curves
in these two figures, no thin roof structure with washdown, having less
than 150 PSF wall shielding thickness, qualifies as a shelter (40 PF
minimum)., Two options for obtaining a protection factor of 40 (or
better) are: (1) augment the washdown effectiveness with applied roof
shielding; (2) apply sufficient roof shielding to eliminate the neced
for the washdown system,

Figures 12 and 13 oresent the equivalent roof masg thickness of the
roof vashdown system as a function of roof area for roof heights of 10
feet and 20 feet. By rewriting Equaticon 5 to read

~- ~F F B

v PF WG WT

RT = F_(C +D + E)
RG

(6)

the roof thickness reduction factor required with roof washdown for any
structural ygeometry, wall thickness, and desired PF can be determined,
and the roof thickness required with the washdown system can be obtained
from Figure 8. The requircd roof thickness to obtain a PV of 40 with
and without the roof washdown systom for structures wit» 150 PSF walls
is presented as a function of structure size {(roof area) in Figure 14,
As can be seen, a relatively thin roof with washdown is all that is re-
quired for the 20 foot tall structure~-i.e., less than 20 PSF--regard-
less of structure size, This requirement may be compared to roof thick-
nesses of 70 to % PSF that are required without washdown. In the case
of the 10 foot tall structures, a relatively thick recof in sddition to
roof washdown ts required for the smaller structures, although a rela-
tively thin roof is adequate for the larger structures, On :ha other
hand, if the wall thickness of the 10 foot tall structures were increased

13




Figure 7
STRUCTURE GEOMETRY - DOSE REDUCTION FACTORS
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Figure !0

CALCULATED PEOTECTION FACTORS FOR 10FT. TALL
STRUCTURES
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Figure 11

CALCULATED PROTECTION FACTORS FOR 20FT. TALL
STRUCTURES
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to 175 Ps#, then thin roofs (less than 20 PSF) with washdown would also
be all that would be required for the 2cmaller structures.

All the above calculations are for a location at the center of the
structure and for uniform wall thicknesses and uniform roof thickncsses.,
At locaticns away from the center of the structure, the roof-dose/wall-
dose ratio will change., This variation will not affect the equivalent
roof-washdown, roof-mass-thickness values in Figure 12, and unless ex-
treme locations (e.g., corne. locations) are used, the PF values in
Figures 10 and 11 and the required roof thickness values in Figure 14
will not be significantly affected,

For very large roofs, the cffectiveness of roof washdown systems
will be degraded because of the greater amouat of fallout that must be
carried by the water stream, It is not known what additional amount of
water, 1if any, would be required to overcome any buildup effect that
might occur with heavy rates of fallout upon large roofs., Figure 15
shows a suggested washdown flow rate for relatively smooth roof sur-
faces,* washdown effectiveness data for various flow rates over longer
distance (®50 feet) are nonexistent, and consequently the flow rate re-
quiremnents for roof areas in excess of 10,000 £t° are represented as
dashed lines in Figure 15. Finally, the roof washdown system could be
reduced to partial or total ineffectiveness by malfunctions or from
freezing at extremely cold temperatures.

o
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Figure 15
WASHDOWN WATER FLOW RATES
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COMPARATIVE COSTS

The relative cost of converting conventional structures into shelters
either by increasing the roof mass-thickness or incorporating a roof wash-
down system (along with increasing the wall thickness) depends upon how
the original building was constructed. The cost also depends upon the
choice of roof wu.hdown system. and the choice of slielding materials.
Some structures are not suitable to conversion to shelters by the mere
application of additional shielding materials on the roofs, and washdown
systems are not suitably effective for the roofs of some structures. For
such structures the relative costs are indeterminant.

In general, sloped or pitched roofs are suitabje for rocf washdown;
and flat roofs, if they are adequately strong or are amenable to rein-
forcing, are suitable for applied shielding. On occassion. there are
} structures with roofs that are suitable for roof washdown as well as for
applied shielding. The relative cost of applving shielding or installing
a roof washdown system may be compared for these structures. Usually,
these structures are of medium to heavy steel construction (the roof sup-
port includes girders and open truss joists), have concrete for roofing
material (2 to 4 inches thick), and have a slightly sloped roof (v.g ,
1:24). The weight of these roufs ranges from about 10 pounds per square
foot tc about 60 pounds per square foot, and is designed to suppoert live
weights of 60 to 100 pounds per square foot.

%
k

It addirional structural strencgth is required to supp rt the added
rootf shielding weight, the cost of providing roof shielding 1s 1increased.
The construction cost of additional roof support tor a 20 tfoot span and
tor a 3Q toot span on an open structursl frame is ¥iven in Figure 1.+ ¥ e?
It the structure to be modified is fanished with extirior and 1nterior
walls, and with root and cerling, end the i1nterior i, compartmented. the
cost of applving additional structural strength without degrading usciul-
ness and aesthetics 1s very hagh, and the overall cost could run as high
a5, or higher than, the cost of new construction. On the othoer hand, tor
stryctures that do not rogquire additional structural strength, the cost
ot applying roei shrelding over the existing roof i1s merely the cost of
the shieclding material and the cost of labor. The cost ol six inches ol
reinforced voncrete 1n place s approxsimately $1.00 to $1.25 per square

foat

The cost orf installing a roo! washdown syvstem on oa structure will
depend upon the rovo!f type and Jhe type 0! washdown systen. A smooth well-

sloped roef requires less water and fewer nozzies than a rooi that 1-




Figure 16
ADDITIONAL COST OF OPEN TRUS. ROOF SUPPORT
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rough or has only . slight slope. Three types ot washdown systems are
described as foilows:

1. 'Once through, using the normal water supply.

2. "Once through,“ using stored water or well water, or drawing
from 8 natural body of wator.

3. Recirculsting, using 't .ed water.

The first type 1s the least expensive and the least reliable being
entirely dependent upon an unimpalred water system. The basic components
; are piping 9nd nozzles (1t may be assumed that, for large structures,

; adequate drainage exists). The cost of such a system depending upon the
shape, texture, and slope of the roof, will range between $0.10 to $0.40
per square foutl.

The second type i1s practical only 1f a high capacity well suurce or
a body of surface water 1s located nearby. The construction of a siorage
tank with sutficient capacity for a once through system 1s ¢xorbitant,

TN

If 1t i1s necessary to dig a well and install a pump (internal combustlon),
or 1f 1t 1s necessary to install a pump and a long water line to the
negrest body of water then the third type ¢f washdown system will be
more econcinical as well as more reliable.

The third type of wasndown system consists of (1) a water and
fallout ccllection system. and (2) a water storage and liltration system
as well as the piping and nozzles In some structures adequate collecting
systems extist, and only modifications are needed to channel the return
water and fallout to a combination tilter and storage tank. In other
structures with root drainage to the e o5, ¢nllecting gutlers must be
installied. Standard rein gutters are 1nadequate--special larger gutters
with a bottom slope of at least 1l:16 are reco mmended |t although there
have been no tests of this part ol washdown syvsledis. fhese special
gutters will 9% mere costly and will be less aestheticolly appealing
than standard root g tters.

Extra piping or condulls wiii be required to carry the collected
water and fallout to a wettiing chamber, which should be instailed below
wround so that the collected fallout will ve shielded.

A settling tank &nd a covarse frleer are all that s necessary to
remove the fallout partivices tren the relurn wator [he water storage
reguirements are estimated at O 2 teo 0.0 gallons per sguase fovt ol root,

and this tatic inciuvdes the volume o the settling compur toment I'ne

e b e

pumprng retce 1s estimated at QO Q7 to U.05 gallens per minute per sgquare

foot ©f roe! area (sece Roferenve B olor storayge tank design)
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OTHER CONSIDERATIONS

The re.ouvael of fallout from roofs by the washdown svstem is 2 pre-
ventive measure against the contamination cof othor target aress o2y otigi-
nally deposited rocf fallout that would otherwise be subseguentiy redis-~
tributed by the wind. Washdcwn may also eliminate the nec®ssity for roof
decontamination after shelter emergence. On the other hand., the roo{
vashdown system does not add to the structural strenvth of the builiding
and therefore it 1s a countermeassure only against faliout radiaticn.

To add shielding materials tc 8 roof w.irhout adding structural
improvement does not increase structural s:irength, and in fsct, wiil
decrease structure strength. However, such an addition s{ shieldi
materials is 'dirt cheap', and some shielding materials such as re
forced concrete. when acdded to the roof along with structural improve-
menis, would increase structural strength. Thus, a building with a rein-
forced corncrete roof plus structural improvements will be eguipped not

only with a ceountermeasure against fallout radiation, tut also an incrzfsed
degree of protection against blasi (and perhaps fire) effects.

v

The comparison of rocf shielding with roof washdown effectivensgss
assumed 100 perceuat roet retention of fallovut for the no-wsshdown con-
dition Under some wind conditions, a very high percentage of the fail-
out on smooth slope roofs wouid be blown off the roofs.'® Feilout on
these roots would also be washed away by rain. The wind erosion of fall-
out even fruem rather rough tlat roofs could be considerable--50 percer:
aose rate reductions vom flat tar and gravel roofs within the first
48 hours by mouerzte to high winds were recorded . radiolcgical recovery
studies conducted by the U.S. Naval Ruadiological Uefense Laboratory at
Conip Tarks,t®

The calculations compering roof shielding with roof washdewn effect-
iveness . '50 did net inclide the esfects of failout sciubii ty and roof
surface aasorptivity. If the degree of fallout solubility and roof sur-
face adsorptivity 1s significant, the ¢ ~tiveness of the rnof washdown
system wenld be adversely affected. The effects of fallout solubility
and ront surface adsorntion would be worse with the recirculating root
washdown sysvem.

Finally, a structure that is protected by applied shielding can be
relied upon to provide the designed protection when it is needed. With
a roo!l washdow: system, on the other hand, malfunctions cculd occur that
could make the system incperative. The pump engines may not start when
called upon, the nozzles may be plugged, the water and fallout conveyance
system may be overlosded, and the filter system may be clogged. Although
a routine maintenance and testing schedule would increase the reliability
ot the system, absoluie 'eliability at all times cannot be guaranteed.
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ONCLUSIONS

The etfectiveness of a roof washdown system .s limited because cur-
ﬂtl availshlie roof washdowh systems do not remove all the depositing
lout perticles. ana consequently some additional roof shielding

wili wften be r1ecaired to provide an acceptable degree of overhead

(&"

radigricn protection.

cznhot be directly compared with applied shield-
Wing reasons:

a.  Apni:ed shielding wonld be 100 percent reliable and roof washdown

10 cen be exnacier to 1emove some of the fallout from

zaurc<es noi removed by roof wash-
<. 3tion from shielded roocfs

2]
"D
-
-
P
P
-

3> addy Lion of applied

A roof washdown systen is A i mezaox T inceregasing the protection
of huilding interyors from falicut rnpdiseiws gnder the following con-
ditions:

a Temperaty 3¢ highar than the temeeraturs &t which the water
bﬂlxﬁlfl'b in the vipes oy nvnzles. or 2i ~niuh the sprav iorms

has & coalativale amecth surface.

¢. The systawm hoo been desigred zud comsirucisd Lo omirate indepen-
denily vl cuiside power sourcees ang vaier supplies Lo assure
reilabijivy.

4. The structurg squivped whahgowr i not dawaged by blast (an :
operating roof washio em nau:d, howeveyr, decrease fire
L]
hazaraz in peripheval AYOEEF
I genersl, the rost o & wmashdown svstem {ar lwrge roof area struc- ;
rures with Amooih sloped roofs will be {ess iban the cost of providing ¥
an equivalent amount of siislding
*
W
3
4
i
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